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Generation of debris from targets and by x-ray ablation of surrounding materials will be a matter of
concern for experimenters and National Ignition FacilfyF) operations. Target chamber and final
optics protection, for example debris shield damage, drive the interest for NIF operations.
Experimenters are primarily concerned with diagnostic survivability, separation of mechanical
versus radiation induced test object response in the case of effects tests, and radiation transport
through the debris field when the net radiation output is used to benchmark computer codes. In
addition, radiochemical analysis of activated capsule debris during ignition shots can provide a
measure of the ablatdpr). Conceptual design of the Debris Monitor and Rad-Chem Station, one
of the NIF core diagnostics, is presented. Methods of debris collection, particle size and mass
analysis, impulse measurement, and radiochemical analysis are given. A description of recent
experiments involving debris collection and impulse measurement on the OMEGA and Pharos
lasers is also provided. @001 American Institute of PhysiddDOIl: 10.1063/1.1310587

INTRODUCTION ter OMEGA and the Naval Research LaboratqiyRL)

. _ " . Pharos laser facilities with debris collection and impulse sen-
Debris generated from National Ignition FacilitiIF) sors

experiments may have contributions from target and support

materials, shields, and diagnostic pinholes with a wide Va”DEBRIS MASS AND PARTICLE SIZE

ety of compositions. This debris is important for several rea-

sons: target chamber and final optics protecﬁqm[erpreta_ Debris mass and particle size distribution analysis will
tion of radiation effects test resuftsliagnostic survivability, e accomplished by collection of debris onto a glass slide or
and computer simulations of net radiation output. In addi-silicon wafer housed in a clean box, followed by optical
tion, radiochemical analysis of debris collected from ignitioninspection. The clean box is loaded in a class 100 clean
shots is diagnostic of capsule performance. The Debrisoom, then placed on a diagnostic instrument manipulator
Monitor and Rad-Chem Station address these interests BPIM)® cart. The DIM allows insertion of diagnostics into
collecting debris for characterization of mass and particlgéhe NIF target chamber and the cart is a removable portion
size distribution, measurement of debris impulse, and radiofor offline diagnostic loading, alignment, etc. Figure 1 shows
chemical analysis of activated debris. The diagnostic is coma schematic of the clean box with two collectors. Once the
posed of a suite of collectors and sensors that may be placgihamber/DIM is under vacuum the clean box is opened re-
at various locations on the target chamber to cover multiplénotely. It is kept open for one or more shots, then remotely
lines of sight. Capabilities of the diagnostic will be fielded in

stages, the first being mass, particle size distribution, and Portable

impulse measurement. Detailed techniques for performing clean box

radiochemical analysis of collected samples remain to be de- \

veloped as specific experiments are defined. As a result the Debris |
capability is being protected as “not to preclude,” meaning *—>
that implementation of debris collection will not unreason- /I >§ollectors

ably constrain the ability to perform radiochemical analysis
on collected samples. This article describes the conceptual
design of the Debris Monitor and Rad-Chem Station and
recent experimental experience at the University of Roches-

Remotely controlled
vacuum-tight valve

dAuthor to whom correspondence should be addressed; electronic maiFIG. 1. Schematic of clean box and debris collection surfaces. The box is
mmiller@linl.gov housed in a DIM and opened remotely before shot.
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TABLE |. Specifications for debris mass and particle size analysis.

Debris size distribution 1-502m
Mass limit 1ug
Temporal response None
Collector area >1 cn?

closed, and removed from the DIM cart. The box is then
transported to the clean room, placed on a microscope, and
automated counting of sizes and shapes is performed. The
slide is returned for further analysis as needed. Specifications
for the debris mass and particle size analysis are presented in
Table I.

Another collection mechanism that has been recently in-
vestigated is medium- and high-density silicon aerogel ob-
tained from NASA? This approach has the advantage of pre-
serving the patrticle track so that an analysis of its velocity
can be performed in addition to mass and size. We have
fielded a pair of these collectors on OMEGA shots. Figure 2
is a schematic of the experimental setup and Fig. 3 shows
particulate that was collected during these shots. The expaG. 3. Aerogel debris collector showing particle and associated track. This
sure area of each aeroge| was 52pmith nominal thickness sample was recently collected from a Au hohlraum target shot on the
of 3 cm. Postshot inspection of the surfaces of the aerogef@MECA laser.
indicate the importance of maintaining clean conditions for )
guantitative measurements when low-velocity debris is of ~ 1hree types of sensors are currently under evaluation,

interest. Analysis of the particulate tracks and composition i§talon probes, ruby sensors, and polyvinylidene fluoride
currently being performed by NASA. (PVDF) gauges. The dalon probes consist of microchip in-

terferometers attached to 20n core optical fibers and have

a sensitivity range of~1-1000 bar. Ruby sensofsustom
DEBRIS IMPULSE mated to fiber optics by NRLare sensitive to higher pres-

sures, covering~2-100 kbar. The piezoelectric PVDF

Passive impulse gauges fielded on the Nova laser dengauges compliment theaon probes and ruby sensors, with

onstrated the capability of making this type of measuremengperational pressure range f0.5-500 bar. Table Il con-
using a simple technique, free from electrical noise issuegains the specifications for the debris impulse measurement.
often associated with a high-power laser environnie@n Impulse measurement experiments have recently been
NIF however, automation of diagnostics is highly desirablecarried out on the OMEGA and Pharos lasers. On OMEGA,
and we are focusing our efforts on active methods using & PVDF sensor was fielded on Au hohlraum shots and dem-
variety of sensors, allowing a large dynamic range to beynstrated operation in a laser environment with very low
covered. In general, the sensor is imbedded into a solid cyloise(<1 mV). A schematic of the PVDF sensor is shown in
inder of material with a well known equation of stag.,  Fig. 4. On the Pharos laser, an experiment was performed
aluminum. The cylinder is placed into the NIF via a DIM that compared antalon gauge with an electrical carbon
cart. Pressure waves in the cylinder generated by impactingauge on the same shot. The shock was generated by focus-
debris are measured by the sensor and the impulse of theg a laser beam into water, so that the electrical environ-
debris is backed out from the data utilizing the known equament was that of a laser. Figure 5 shows the results. The first
tion of state. The diagnostic is remotely controlled by com-pulse on the ®lon trace is laser light at=0, the second
puter and the pressure signal is recorded on a scope. pulse is the pressure response, and the third pulse is a reflec-
tion from nearby material. The carbon trace shows a small
pressure pulse and a much larger set of signals arising from
electrical noise.

Al cans
to hold aerogels

] /

RADIOCHEMISTRY

16 degrees  TCC The (n,2n) production of%2Cu and®Cu from naturally
¥ occurring®3Cu and®Cu in the Cu-doped Be ablator is pro-

Udegree tis TABLE Il. Specifications for debris impulse measurement.

Side View Pressure range 1 bar—100 kbar
Gauge diameter <500 um-2 cm
FIG. 2. Experimental setup for the aerogel collectors at the OMEGA laser Temporal response <15 ns

facility.
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TABLE lll. Specifications for radiochemical analysis.

Metal shield 25 micron PVDF sensor sandwiched
between Kef-F discs with Al housin
AroCecas . Geometric collection efficiency >1E-6
1?-5 micron Al Maximum removal time 2—-20 min
2 ;’,Z?,:?(;T:m Detector resolution <2.5keV @ 1173 KeV
MDL (atoms
SMA or BNC 620 1E4
—
connector 63Cy 1311
84Cu 1E5
%5Cu 6E10
9 ~
Standard Impulse sensor Insulator I?E 1E11
from Ktech Corp. (epoxy) Be ~1E11
Temporal response None

FIG. 4. Schematic of the PVDF impulse gauge recently fielded on OMEGA:

well before ignition is achieved on NIF. Table Il presents
specifications for the Rad-Chem Station.

portional to the ablatotpr) and neutron yield. The mea- SUMMARY

surement would be performed by capturing a fraction of the  The Debris Monitor and Rad-Chem Station is being de-
capsule explosion debris and counting the decay of activategeloped for the NIF as one of the core diagnostics. Methods
copper, then using a chemical analysis of Cu or Be in thef debris collection proposed and under current investigation
sample to determine the capsule fraction obtained. The colnclude glass slides, silicon wafers, and silicon aerogels. Im-
lected sample would be counted quickly because of the relgpulse sensors to cover a wide dynamic range are being evalu-
tively short half lives of?Cu and®Cu (9.7 min and 12.9 h, ated and includ€ talon probes, ruby sensors, and PVDF
respectively. gauges. Radiochemical analysis of activated debris will en-
Both ®°Cu and®'Cu decay by positron emission, accom- able a measurement of the ablatpr) for ignition shots as

panied by annihilation radiatiot611 ke\), and each emits well as providing a general capability to diagnose experi-
discretey rays that may be used for identification and quan-ments that produce activation products. Offline development
tification. Coincidence counting of the annihilation radiationand testing on the OMEGA and Pharos lasers will continue

covering a period of a few half lives is an established methodo that the diagnostic may be completed and operational for
for measuring®’Cu and®Cu activatior® This method has first use on NIF in 2004.

the advantage of being most sensitive to lower yields, but
lacks the unambiguous isotope identification that comes fron"?‘CK'\lOWLEDG'\/IENTS
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keV y rays, respectively, at levels well below those of nomi-Partment of Energy by the University of California Lawrence
nal full yield on NIF1° Yields as low as E—6 of nominal ~ Livermore National Laboratory under Contract No. W-7405-
full yield will produce enough activity for ablatafpr) de- ENG-48 and is supported in part by the United States De-
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